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(57) ABSTRACT

A circuit for transierring amplified resonant power to a load 1s
disclosed. The circuit transters amplified resonant power,
which 1s generated 1n an inductor of a conventional trans-
former when serial or parallel resonance of a conventional
power supply 1s formed, to a load through the conventional
transformer. The circuit comprises: a power supply for pro-
ducing and supplying voltage or current; a power amplifier
for generating amplified resonant power using the voltage or
current; and a power transierring unit for transferring the
amplified resonant power to the load using a transformer.

13 Claims, 4 Drawing Sheets
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CIRCUIT FOR TRANSMITTING AN
AMPLIFIED RESONANT POWER TO LOAD

TECHNICAL FIELD

The present invention relates to a power amplifier circuit
and 1ts power transierring. More particularly, this invention

relates to a circuit that can transfer amplified resonant power,
which 1s generated by an inductor of a conventional trans-
former when serial or parallel resonance of a conventional

power supply 1s formed, to a load through the conventional
transformer.

BACKGROUND ART

An electric-power supply produces electric-power and
supplies the produced electric-power to a load directly con-

nected thereto. An example of such an electric-power supply
1s an electric generator. When such an electric generator pro-
duces electric-power, a transformer transforms the electric-
power 1nto a voltage or current compliant with a load’s resis-
tance and supplies it to the load.

According to a conventional -electric-power supply
method, an independent power supply used a primary power
supply directly supplies electric-power to a load. That 1s, the
consumption power of the load 1s directly provided by the
independent power supply.

As such, the conventional electric-power supply method
has only used an independent power supply that directly
supplies power to a load. That 1s, a method where electric-
power provided from an independent power supply 1s ampli-
fied and then supplied to a load has not been known.

Therelore, before supplying electric-power from an inde-
pendent power supply to a load, i1 i1t 1s amplified and then
supplied to the load, the electric-power consumption can be
reduced. That 1s, such 1dea becomes a landmark 1n the indus-

try.

DISCLOSURE OF INVENTION

Technical Problem

Therelore, the present invention has been made 1n view of
the above problems, and 1t 1s an object of the present invention
to provide a circuit for transferring amplified resonant power
to a load that 1s capable of transierring Q times amplified
resonant power, which 1s generated at an inductor of a con-
ventional transformer when serial or parallel resonance of a
conventional power supply 1s formed, to a load through the
conventional transformer, thereby proving a higher amount of
power to the load than a conventional circuit can, including
the conventional power supply apparatus having simple func-
tions.

Technical Solution

In accordance with an aspect of the present invention, the
above and other objects can be accomplished by the provision
of a circuit for transterring amplified resonant power to a load,
comprising: a power supply for producing and supplying
voltage or current; a power amplifier for generating amplified
resonant power using the voltage or current; and a power
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transterring unit for transferring the amplified resonant power
to the load using a transformer.

Preferably, the power supply 1s one of AC voltage source,
AC current source, DC voltage source, and DC current
source.

Preferably, the power amplifier includes: a primary induc-
tor of the transformer; and a capacitor connected to the pri-
mary inductor 1n serial or 1n parallel. Here, the amplified
resonant power 1s stored 1n the primary inductor.

Preferably, reflective impedance at the primary side of the
transformer has a relatively small value such that the power
amplifier can maintain resonance.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other object, feature and other advantages of
the present invention will be more clearly understood from
the following detailed description taken 1n conjunction with

the accompanying drawings, in which:

FIG. 1 1s a schematic circuit block diagram according to an
embodiment of the present invention;

FIG. 21s a view 1llustrating a circuit that transiers amplified
resonant power, generated 1n serial resonance, to a load,
according to an embodiment of the present invention;

FIG. 3 shows equivalent circuit diagrams of a three-phase
synchronous electric generator according to an embodiment
ol the present invention;

FIG. 4A and FIG. 4B are equivalent circuit diagrams of
serial and parallel resonance circuits, respectively, according
to an embodiment of the present invention;

FIG. 5 1s an equivalent circuit diagram of a transformer
according to an embodiment of the present invention;

FIGS. 6A and 6B are equivalent circuit diagrams when a
transformer connected to a load 1s 1n serial resonance, accord-
ing to an embodiment of the present invention;

FIG. 7 1s an exemplary view 1llustrating a transformer used
in an embodiment of the present invention;

FIG. 8 1s an equivalent circuit diagram of an electric-power
amplification/transier experiment circuit, according to an
embodiment of the present invention;

FIG. 9 shows equivalent circuit diagrams of a circuit used
in an experiment according to the present invention;

FIG. 10 1s a circuit diagram where a load 1s directly con-
nected to a power supply according to an experiment of the
present invention;

FIG. 11 1s an equivalent circuit diagram of a final trans-
tormer for electric-power transier according to an experiment
of the present invention

FIG. 12 1s an equivalent circuit diagram of an electric-
power transfer resonant voltage source according to an
experiment of the present invention;

FIG. 13 1s an equivalent circuit diagram of an electric-
power transier resonant current source according to an

experiment of the present invention;

FIG. 14 1s an equivalent circuit diagram of an electric-
power transier transiformer of a home electrical appliance,
according to an experiment of the present invention; and

FIG. 15 1s an equivalent circuit diagram of an electric-
power transier resonant current source of a home electrical
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appliance, for reducing consumption power of a load, accord-
ing to an experiment of the present invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Preferred embodiments of a circuit for transferring ampli-
fied resonant power, configured to include the above-de-
scribed means, and their operations, will be described 1n
detail with reference to the accompanying drawings.

As shown 1 FIG. 1, the circuit according to the present
invention 1s configured to include: a power supply 10 for
producing and supplying electric-power a power amplifier 20
for resonating the electric-power provided from the power
supply 10 to generate amplified resonant power, and storing 1t
therein; and a power transierring unit 30 for transferring the
amplified resonant power of the power amplifier 20 to a load

40.
The power supply 10 means a general independent power

source. Such a general independent power source 1s used 1n
such a way that its output voltage 1s increased or decreased to
a voltage necessary for a load by a transformer, etc., and then
transterred to the load. However, in the present invention, the
power supply 10 just functions as only an accessory circuit
that supplies current or voltage to the power amplifier 20 such
that the power amplifier 20 can amplily power based on the
current or voltage. The power supply 10 does not directly
produce or provide its electric-power to the load.

The independent power supply source functioning as the
power supply 10 may be implemented with an AC source and
a DC source. The AC source includes an AC voltage source
and an AC current source. The DC source includes a DC
voltage source and a DC current source. When the indepen-
dent power supply source 1s implemented with a DC source,
the output of the DC source can be converted to AC power
through an 1nverter.

The power amplifier 20 produces amplified resonant power
using voltage and current outputted from the power supply
10. In an embodiment of the present invention, the amplified
resonant power 1s transferred to a load through a transformer.
More specifically, the power amplifier 20 produces the ampli-
fied resonant power using the primary 1mductor of the trans-
former, and 1s then stored 1n the primary imnductor.

Here, the power amplifier 20 1s configured to include the
primary inductor of the transformer and a capacitor con-
nected to the primary inductor in serial or in parallel. Here, the
power amplifier 20 resonates and amplifies the power pro-
vided from the power supply 10 and then stores it in the
inductor.

The power amplifier 20 affixes an inductor (L) and capaci-
tor (C), which are electrical parts for storing energy, to the
power supply 10, and enables the inductor (L) and capacitor
(C) to be synchronous to the frequency of the source power
and to form serial or parallel resonance. Therefore, the source
power 1s amplified Q times and then stored in the inductor (L)
and the capacitor (C).

When serial resonance 1s formed at a source voltage ot V_,
Q times source voltage, 1.e., Q*V [ V], 1s applied to the induc-
tor. Here, the serial resonant power P by resonant current I,
flowing 1n the inductor 1s generated such as P =Q V _*I;[W].

On the other hand, when parallel resonance 1s formed, Q
times input currentof I, 1.e., Q*I_[A], flows into the inductor.
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Here, parallel resonant power P, by a voltage V  between both
L 5T s
leads of t:_le '111du‘ct0r ge‘nerates as :?p Q IL*V _[W]. |
As such, 1 using serial or parallel resonance, the inductor

for resonance stores (Q times mput power P therein. Here, the
type of resonances can be chosen according to the object of
the circuit design. And here, power generated 1n the inductor
1s reactive power, and, for convenience, denoted by power P.
The amplified resonant power, generated by the power
amplifier 20, 1s transferred to the load 40 by the power trans-
ferring unit 30 composed of a commonly used transformer.

—

T'he power transierring unmt 30 transiers the power, ampli-

fied QQ times by the transformer 1n the power amplifier 20, to
the load. In order to transfer power maximally, 1t 1s preferable
that the coupling coelficient k be close to 1.

When senal resonance 1s formed, voltage V , at the second-
ary side of the transformer, which 1s hereinafter referred to as
secondary voltage V,, can be calculated by the following

equation, based on the transformer principle. Here, the cur-
rent [, at the secondary side, which 1s hereinafter referred to as
secondary current I, 1s assumed to be 0.

Vo =k*V =k QY /n—~(Q/m)* k*V,

Where, (Q denotes a quality factor of the circuit n denotes
the turns ratio of the trans former k denotes the coupling
coetlicient V, denotes the source voltage and V, denotes a
voltage between both leads of the inductor 1n serial reso-
nance.

When the transtormer 1s operated, the secondary current I,
flows 1n the secondary side of the transformer. Then, retlec-
tive impedance 7., 1s retlected from the secondary side to the
primary side, thereby suppressing resonance at the primary
side.

Therefore, the reflective impedance at the primary side,
which 1s hereinafter referred to as primary reflective imped-
ance, 1s designed to be relatively small to maintain resonance
in the power amplifier 20. In the present invention, an equa-
tion for voltage transfer to the secondary side and an equation
for adjusting reflective impedance 7,,, when resonance 1s
formed, are derived and then applied to the circuit design.
Theretfore, the present mnvention allows the amplified reso-
nant power to be transierred to the load without loss, based on
the transformer principle.

The load 40 1s a circuit that 1s provided with the power
amplified Q times at the primary inductor of the transformer.
When the secondary current I, 1s not zero, resonance of the
primary side of the transformer 1s broken by the reflective
impedance of the transformer. To prevent this, the reflective
impedance 7., must be adjusted and resistance R, of the load
must be optimally chosen to maintain the resonance of the
primary side.

An embodiment of the circuit for transferring amplified
resonant power to the load, as configured above, according to
the present mvention, 1s illustrated in FIG. 2. As shown 1n
FIG. 2, the circuit includes: a power supply 10 having an AC
voltage source (V,) and an internal resister (R,) a power
amplifier 20 having a primary inductor (L, ) of a transformer
and a capacitor (C,) serially connected to the inductor (L) a
power transierring unit 30 having the transformer and a load
(R,) mputting resonant power, amplified by the power trans-
terring unit 30.




US 8,077,485 B2

S

FIG. 3 shows equivalent circuit diagrams of a three-phase
synchronous electric generator according to an embodiment
of the present mvention. In such a circuit, 1X_ denotes reac-
tance of an electric generator and R, denotes resistance of the
inductor. The present invention transiers electric-power to the
load where, 1n order to apply an equivalent circuit for a single
phase electric power generation to a circuit, a capacitor 1s
added to the circuit power 1s amplified by using resonance;
and the amplified resonant power 1s directly provided to the
load using the transformer principle. Therefore, the present
invention transiers the amplified power to the load. On the
other hand, the conventional power supply 1s directly con-
nected to the load and transiers its power thereto.

FIG. 4A and FIG. 4B are diagrams illustrating a single
phase equivalent circuit of an electric generator to which
serial or parallel resonance 1s applied to amplify electric-
power. Such a circuit 1s configured to include a power supply
10 and a power amplifier 20.

As shown 1n FIG. 4A, 1n the circuit to which senal reso-
nance 1s applied, 11 resistance R, of a coil 1s neglected, the
quality factor Q 1s expressed as Q=wl /R, where R,
denotes internal resistance of the power supply, and R,
denotes loss resistance of the coil. Here, the factor Q_ of a
circuit1s generally greater than 10. Also, a voltage V, between
both leads of an inductor (L, ) 1n serial resonance 1s expressed
as V,=Q,*V_. Here, power P, stored in the inductor (L, ) 1s
expressed as follows:

P =V ¥ 5=0s"V 1o=0*Vo/ Ry

where, 1,=V /R _(I,: resonance current)

As well, the source power P, in serial resonance is
expressed as P =V *[,=V _,/R_. Theretore, P,=Q *P_. The
equation shows that the inductor (L) 1n serial resonance
inputs Q_ times input power.

As shown in FIG. 4B, 1n the circuit to which parallel
resonance 1s applied, like the serial resonant circuit, () times
power 1s applied to both leads of the inductor. Since such
power amplification in the parallel resonant circuit 1s simailar
to that of the serial resonant circuit, which has already been
described above, 1ts description will be omatted.

FIG. 5§ 1s an equivalent circuit diagram of a transformer
used i the power transierring unit 30 according to an
embodiment of the present invention.

When the transformer of the power transferring unit 30 1s
assumed to be 1deal, input power P, of the primary side can be
transierred to the secondary side without loss. Therefore, the
power P, at the secondary side becomes the 1input power P, ,
1.e., P,=P,. However, when considering the coupling coefli-
cient k and turns ratio n, the secondary side can be expressed
as follows. Here, coil resistance 1s neglected.

Vo, =k*V ,/n
L=k*n*I,

P,=V,*L,=k**P,

Onthe other hand, when internal resistance R , of the power
supply exists and the secondary current I, 1s not zero as a load
having resistance R, 1s connected to the secondary side,
reflective impedance 7., 1s coupled to the primary side. Here,
the reflective mmpedance 7., can be expresses as
2, ==(SM)*/Z,,7R, +iX,,[Q].

FIGS. 6A and 6B are equivalent circuit diagrams of the
primary and secondary sides of a transformer, respectively,
when the resonant power amplified by the serial resonant
circuit of FIG. 4A 1s transferred to the secondary side of the
transformer, based on the transformer principle, as shown in

FIG. 5.
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As shown 1n FIG. 6B, 1n the equivalent circuit diagram of
the secondary side of the transformer, I, denotes primary
current and 7., , denotes mutual inductance.

As shown 1n FIG. 6 A, when the power supply circuit at the
primary side 1s configured to be a serial resonant circuit and a
load 1s connected to the secondary side circuit, reflective
impedance 7., appears at the resonant circuit at the primary
side. When the circuit 1s designed such that the reflective
impedance Z,, hardly affects the resonant circuit at the pri-
mary side, the resonant circuit continues 1ts resonance. Then,
the power amplified by such resonance 1s transierred to the
secondary side, based on the transformer principle, such that
the amplified power can be provided to the load.

The following 1s a detailed description of exemplary
experiments to prove the above-described embodiments
according to the present invention.

FI1G. 71s aview illustrating a transformer used in a practical
experiment for an embodiment of the present invention. The
transformer 1s designed 1n such a way that coils are wound
around a ferrite core to form primary and secondary sides
whose 1inductances are each 348 [mH] and whose turns ratio
1sn:1. As well, the transformer 1s operated 1n serial resonance.
Here, DC resistance of the coil 1s 2.8 [£2] and coupling coel-
ficient k 1s 0.742.

As well, for the experiment of the transformer of FIG. 7, a
signal generator, Tektronix CFG 280 whose internal imped-
ance 1s 50 [£2], 1s used as an AC power source and a serial
resonance Irequency of 304 [KHz] 1s used. An oscilloscope,

Tektronix TDS 220, 1s used as a voltmeter.
FIG. 8 1s an equivalent circuit diagram of an electric-power

amplification/transfer experimental circuit according to an
embodiment of the present invention. FIGS. 9A and 9B are
equivalent circuit diagrams of the primary and secondary
sides 1n the equivalent circuit of FIG. 8.

In the equivalent circuit at the primary side shown 1n FIG.
9A, equivalent resistance R ,-can be expressed as R ;=R +R | +
R,,. Here, when a load (R,) 1s connected to the circuit, the
quality factor Q_ can be expressed as Q =XL,/R.. Thus, the
smaller the reflective impedance R, ,, the better the power
amplification.

Theretore, 11 the reflective impedance 7Z,, 1s minimized at
the primary side to maintain resonance when the circuit 1s
designed, the amplified resonant power 1s transferred to the
secondary side without loss, based on the transformer prin-
ciple, such that the voltage and current corresponding to the
transierred power can appear at the secondary side. Accord-
ingly, the voltage at the primary side, amplified by serial
resonance, becomes Q *V _, and the voltage V , at the second-
ary side 1s expressed as V,=(Q,/n)*k*V _. When the coupling
coellicient k 1s 1 and the turns ratio n 1s 1, the secondary
voltage V, 1s amplified as Q times the source power V_ and
then applied to the load connected to the secondary side.

Since the secondary current I, 1s k*n*I,, when n=1 and
k=1, then I,=I,. Here, I, 1s resonant current of the primary
side and transierred to the secondary side without loss.

Therefore, the power P, transterred to the secondary side 1s
expressed as the following equation.

Po=Vo L= Qy/mn)* ¥V *k*n*l | =
Qs$k2$Vg$Il:Q5$k2$Pl
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The above equation, P,, means that Q_ times input power 1s
transierred to the secondary side when resonance 1s formed
with k=1. The load does not input electric-power from the
power supply but inputs the resonant power amplified by the
power amplifier, which 1s regarded as a main power supply.
Thus, the power supply functions as a trigger (an auxiliary
circuit) allowing such a resonance to be maintained.

In the experimental circuits shown 1 FIGS. 9A and 9B,
when the load resistance R, 1s assumed to be 170 [k€2], the
reflective impedance 7., 1s expressed as follows:

Z5=—(SM)?/Z>5,=1.43-j5.6%(10) > [Q]=R> +i.X>,[ Q]

Here, assuming that Rg=50 [€2], R,=170 [k€2], XL,=665
[€2], XL,=665 [2], k=0.742, and n=1.

As described 1n the equation, since the reflective resistance
R, ,, 1.43[€2], 1s relatively smaller than the internal resistance

Rg, 50 [€2], 1t hardly affects the factor of circuit Qs. As well,
since the reflective capacitive reactance X,,, 5.6* (10)™" [Q],
1s relatively smaller than the inductive reactance, 665 [£2], at
the primary side, such a resonance can be constantly main-
tained.

The following Table 1 shows experimental measurement

data of available power provided to a load (R,) using a reso-
nant circuit of the power supply whose internal resistance Rg,
1s 50 [€2] and whose voltage1s 1 [ V]. Here, the data 1s obtained
when the coupling coetficient k 1s 0.742. However, when the
coupling coelficient k 1s 1, then, V,=V, and the power pro-
vided to the load 1s as described 1n Table 1. Here, XL, 1s
neglected, because R ,>>XL, when the power provided to the
load 1s calculated.

TABLE 1

Experimental measurement data of power, according to
load change, in the equivalent circuit of FIG. &

10

15

20

25

8

As well, when 1,=0, the quality factor O, at the primary
side 18 expressed as Q=XL,/(R_+R,)=665 [Q]/52.8
[€2]=12.59, provided that R, denotes internal resistance of the
power supply, 50 [€2], and R, 1s DC resistance of the primary
coil, 2.8 [€2].

Since the case where load resistance Ry 15 1 [M£2] 1s similar
to that where I,=0, Q_must be 12.59 like the theoretical value
but, as described 1n Table 1, the experimental value 1s mea-
sured as 8.97. Such a result 1s estimated because the value of
the factor Q. 1s reduced by resistance caused by the high
frequency of the coil as well as the DC resistance of the coil.

Therefore, based on such a result, etfective resistance R,

of the primary circuit can be calculated as R_=XL.,/Q =667
[€2]/8.97=T74.1 [€2]. Thus, the experiment circuit 1s estimated
as being operated 1n a state where the etlective resistance R
1s R, ~74.1 [€2] and the internal resistance R, of the power
source 1s 50 [€2]. The Table 1 shows that the quality factor Q_
according to change of load resistance R, 1s XL, /(R_~+R, ),

1.e., Q=XL,/(R_++R,)).
The Table 1 shows that, when the load resistance R, 1s 1.2

[k€2], the reflective resistance R, 1s 202.89 [€2] and voltage
amplification 1s approximately 2.4. Therefore, a circuit

designed to have such conditions 1s operated in such a way
that, when the load resistance R, 1s increased, the reflective
resistance R, and the reflective impedance 7, are decreased
but the quality factor QQ_ 1s increased.

The following Table 2 describes value calculated by an
equation when the coupling coellicient k set to 1 at the reso-
nant equivalent circuit of FIG. 8.

Avallable
Load Primary Secondary load power, Reflective
Resistance, Quality  Voltage,V,  Voltage,V,= P;=V->,/Ry Resistance, R,
R,[€2] factor, Q¢ [V] 0.742V, [V] [LW] [€2]
1M 8.97 8.97 6.65 42.9 0.24
170K 8.80 8.80 6.55 252.3 1.43
10K 6.56 6.56 4.92 2420.6 24.34
1.2K 2.40 2.40 1.72 2465.3 202.89
870 1.93 1.93 1.34 2063.9 279.85

Where, V_ =1 [V], k=0.742, and n=1.

In Table 1, since the source voltage V, 1s 1 Volt, the value of

voltage V ,, transierred to the secondary side, 1s kK*V, .

the quality factor of the circuit Q. 1s equal to the magnitude of
the voltage V, applied to the inductor (L,). Therefore, the °°

TABL.

(L]

2

Theoretical values. at k = 1. in the equivalent circuit of FIG. &

Available
Load Primary Secondary power of Reflective
resistance, Quality  Voltage,V;  Voltage,V,=  Load, P;=V>5, /Ry Resistance, R,

R[£2] factor, Q, [V] 0.742 V([ V] [LW] [€2]

1M 8.93 8.93 8.93 79.7 0.44
170K 8.67 8.67 8.80 442 2.6

10K 5.62 5.62 5.62 3158 4421
1.2K 1.50 0.83 0.83 577 368.51
870 1.14 0.75 0.75 651 508.30

Where, V_=1[V], k=1, and n=1.
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In Table 2, since the retlective resistance R, 1s changed
according to a change 1n the load resistance R, at k=1, when

cach R,1n Tables 1 and 2 1s 1.2 [k£2] or 870 [£2], the available

power provided to the load (R,)) 1s decreased more than that in
the case of k=0.742. Such a result 1s because parameters used
tor the reflective impedance 7., ,, such as, coupling coefficient
k, load resistance R, turns ratio n, and reactance XL, are
associated with the design of a circuit for resonant power
transier.

The following Table 3 shows comparisons of magnitude of
available power provided to a load (R,) when the load (R,,) 1s
directly connected to the source voltage with that of available
power provided to a load (R,) when the load 1s connected to
an experimental circuit for power amplification with 1 [V]
voltage source, as shown 1n FIG. 8.

FIG. 10 1s a circuit diagram where a power supply 1s
directly connected to a load to supply its power to the load.
Here, since R,>>R _, the internal resistance R, of the power
supply 1s neglected.

TABLE 3

10

15

10

chosen 1n such a way to be 1% of the load resistance, 1.e.,
0.0105 [€2]. Since the reactance X, at the primary side and the
reactance X, at the secondary 31de are cach proportional to the
square of the turns ratio, XL,=n” XL,=30" (0. 0105) =9.44
[€2]. Here, since the reﬂectwe 1mpedance 7., is -(sM)?*/
7,,=0.1 —j0.0l [€2], 1t hardly affects the circuit at the primary
side.

Therefore, a parallel resonance circuit of the primary side,
for amplilying power, 1s applied to the power amplification
circuit using parallel resonance, as shown 1n FIG. 12, thereby
transierring the amplified resonant power to the secondary
side.

Here, when the resistance RL, of the coil at the primary
side 1s assumed to be 1 [Q]j the factor of circuit Q,, 1s 8.58
(=XL,/R_=9.44[€2]/1.1 [L2]), provided that R_ —RL+R,,.
As well the resistance R in the parallel resonance 1s 81 [€2]
(=R ﬁQZ 1.1 ] Q]*(S 58) ). Here, the internal resistance of
the power supply 1s neglected.

FIG. 13 1s an equivalent circuit diagram of a current source,
which 1s modified from the circuit of FIG. 12 as the voltage
source 1s replaced with the current source.

Comparison of available load power between direct connection manner and source

power amplification connection manner

Source power amplification

Ratio of
available

load

power, @/pﬂwer, @/

@Direct connection manner Ratio of
Load connection mannerP, = Py= V;/RD available
resistance, V;/RD (LW load
R[] [LW] @k=0742 k=1 O
1M 1.0 42.9 79.7 42.9
170K 5.9 252.3 442 42.76
10K 100.0 2420.6 3158 24.20
1.2K 833.3 2465.3 577 2.95
870 1149.4 2063.9 651 1.79

As described 1n Table 1, 1n the circuit where Q. 1s main-
tained at 6.56 1n serial resonance, the available power pro-
vided to the load having load resistance R, of 10 [Kk], as

described 1n Table 3, 1s 24.2 times power in the case of
k=0.742 and 31.58 times power in the case of k=1 than that of
the case where the load 1s directly connected to the power
supply. This means that the load 1s provided with amplified
power, Q_* times greater than that of the conventional power
providing method.

The following 1s a detailed description of a circuit for
amplifying and supplying source power using parallel reso-
nance, based on the experiment results.

Home electric-power 1s provided in such a way that 6.6
[kV] 1s transmitted to a transformer nearest a home and the
transformer steps-down the voltage to a single phase 220 [V]
to supply 1t to the home, so thathome appliances can consume
it.

FIG. 11 1s an equivalent circuit diagram for transierring
clectric-power to loads 1n a home. The circuit 1s designed 1n
such a way that load resistance R, 1s 1 [€2] and a factor Q , of
a desired circuit 1s 8.58. Here, the internal resistance of the
power supply 1s neglected.

Here, the primary voltage of the transformeri1s 6.6 [kV] and
the secondary voltage 1s 220 [V]. In addition, when the cou-
pling coelficient k of the transformer 1s assumed to be 1, the
turns ratio n 1s 30 (=V,/V,=6.6 [kV]/220 [V]). As well, the
resistance ol a load at home 1s assumed to be 1 [€2].

Here, 1n order to apply 220 [V] to the load, the reactance at
the secondary side of transformer shown 1n FIG. 11 must be
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79.7

74.91

31.58%
0.69
0.56

As shown in FI1G. 13, the resonant current 1,15 0.0815 [kA]
(=V,/R,=6.6 [kV]/81 [€2]). The primary reactance X, allows
a circulating current of 0.699 [KA], which corresponds to 1,
(0.0815 [KA]) times Q,, to be flown therein. 6.6 [kV] 1s
applied to both leads of the primary reactance. Therefore,
under these conditions, the parallel resonant power P, . 1s
4,6134 [kW] =V, *Q,*1,=6.6 [KV]*0.699 [KA]).

However, 1in the equwalent circuit of FI1G. 11, when the coil

resistance RL, 1s neglected, the current 11 flown 1n the pri-
mary reactance XL, 1s 0.699 [kA] (=V,/XL,=6.6 [kV]/9.44
|€2]. Theretore, the power P, applied to the primary reactance
XL, 154.6134 [kW] (=V,*],=6.6 [KV]*0.699 [kA]).

Theretfore, the parallel resonant power P, , 01 4,6134 [kW]
in parallel resonance is identical, 1n magnitude, to the power
P, of 4,6134 [kW], not 1n resonance, and transierred to the
load through the transformer. From view of the power supply,
it must produce power P, o1 4,6134 [kW] not 1n resonance.
However, since the source power P, 1n parallel resonance, as
shown 1n the equivalent circuit of FIG. 13, 1s 0.54 [kW]
(=V,*1[,=6.6 [kV]*0.0815[A]), the power supply 1N 1eso-
nance may produce P, times 1/Q_. Therefore, from view of the
clectric generator, 1ts output power seems to be increased. On
the other hand, such an effect can be identically obtained from
a circuit 1n serial resonance.

The present invention can save more of a load’s consump-
tion power than the conventional method can.

The following describes theoretical proposals for how the
present invention can be applied to home appliances to save
consumption power, based on the experiment results.
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A general home appliance steps down from 220 [V] to a
certain voltage using a transformer and then converts the

step-down voltage to AC or DC to provide it to loads, for
example, when an apparatus has regular output of 6 V and
output current of 0.3 A.

Here, equivalent resistance R, of the load 1s 20 [Q2] =V ,/
[,=6 [V]/0.3 [A]). In order to apply 99% of the voltage to the
load (R,), XL, 1s chosen to be 0.2 [€2]. Here, the turns ratio n
1s 36.7 (=V,/V,=220 [V]/6 [V]), and the primary reactance
XL, 18 269 [Q] (=n**XL,=36.72%0.2 [Q]).

Also, when the reflective impedance 7., , and the resistance
RL, of the primary coil (L,) are chosen so that Z,,=—(sM)~/
7.,,=2.7-10.027 [€2] and RL,=40 [€2], the reflective 1mped-
ance 7., , hardly affects the primary circuit. Such an equivalent
circuit of the transformer 1s 1llustrated in FIG. 14, 1n which the
internal resistance of the power supply 1s neglected.

InFIG. 14, morderto apply 6 [V] tothe load (R,) o1 20 [£2],
the primary current I, needs approximately 818 [mA] (.e.,
[,=V,/XL,=220 [V]/269 [2]=~818 [mA]), assuming that the
primary coil resistance RL, 1s neglected.

Theretore, the power actually consumed by the load (R,)) 1s
determined by the primary voltage, 220 [V ], and the current,
818 [mA], of the primary side of the transformer shown 1n
FIG. 14.

FIG. 15 shows an equivalent circuit diagram modified from
the circuit of FIG. 14 as the voltage source 1s replaced with a
current source. The circuit of FIG. 15 1s configured to be
operated 1n parallel resonance.

In FIG. 15, the internal resistance of the power supply 1s
neglected. In the equivalent circuit using parallel resonance,
the factor Q, 1s obtamned as Q,=XL /(RL +R,,) =269 [LQ2]/
(40+27) [€2]=~6.3. As well, the primary circuitresistance R 1s
obtained as Rlz(RLl+R21)*Qp2:42.7*6.3===1694.7 [C2].

Theretfore, the primary current I, 1s identical to the resonant
current I,, and obtamned as I,=V,/R;=220[V]/1694.7
[£2]=129.8 [mA]. Thus, the current I, flown 1n the primary
reactance XL, 1s obtamed as 1,=Q, *[,=6.3%129.8
[mA]=818 [mA].

Therelfore, under the condition that the coupling coefficient
k 1s 1 and the turns ratio n 1s 36.7, the voltage V, and current
I,, obtamed as V,=V,/n=220 [V]/36.7=6 [V], and
[,=n*1,=36.7*818 [mA]=30 [A], respectively, are trans-
terred to the load at the secondary side of the transformer.
Thus, the load can be operated by the voltage V, and current
[, used as the regular voltage and current of the load.

However, since the consumption power of the load 1s
caused by the power induced at the primary side of the trans-
tormer, the load actually consumes power caused by voltage
and current used at the primary side. Therefore, when the
resonance shown in the equivalent circuit of FIG. 14 1s not
used, the primary current I, 1s approximately 818 [mA] and
the current I, flown 1n the primary side 1n parallel resonance
shown 1n FIG. 15, 1s approximately 129.8 [mA]. Since the
circuit inputs the same 220 [ V], 1t can reduce power, provided
to the load 1n parallel resonance, smaller approximately 6.3
times than that, provided to the load not in resonance. That 1s,
the circuit can reduce the consumption power in parallel
resonance by Q, times, compared to not in resonance.

INDUSTRIAL APPLICABILITY

As described above, the circuit according to the present
invention can transier amplified power to a load, compared to
the conventional circuit where the electric-power 1s simply
transierred to the load using an electric generator and a trans-
former. To this end, the circuit of the present invention 1s
configured 1n such a way that: resonance (serial or parallel
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resonance) 1s formed at the side of the power supply; and the
transformer circuit, used for transierring power to the load, 1s
designed such that its retlective impedance can be set within
a value to maintain the resonance. Therefore, the amplified
resonant power 1s transierred to the load. That 1s, the circuit
according to the present invention does not transier the power,
produced by an electric generator as a main power source, 1o
the load, but transfers the amplified resonant power to the

load.

In the circuit according to the present invention, the power
supply (an electric generator, etc.) 1s regarded as an auxiliary
circuit to produce resonant power. Power to be substantially
transierred to a load 1s amplified by a parallel or serial reso-
nant circuit, thereby providing the amplified resonant power
to the load, compared to the conventional circuit where power
produced by an electric generator 1s directly provided to the
load. Therefore, the circuit of the present invention can reduce
the consumption power of the load, from view of a load.

The present invention 1s operated to transier resonant
power to a load through a transformer, and may be analyzed
as serial or parallel resonant circuit. Therefore, the present
invention can be usefully applied to industrnial power appli-
cations while satistying energy conservation laws.

Although the preferred embodiments of the present mnven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing

from the scope and spirit of the invention as disclosed 1n the
accompanying claims.

The invention claimed 1s:

1. A circuit for transierring amplified resonant power to a
load, comprising:

a power supply for producing and supplying voltage or

current;

a power amplifier for generating an amplified resonant

power using the voltage or current; and

a power transferring unit for transierring the amplified

resonant power to the load using a transformer, wherein
a reflective impedance 1s adjusted and a resistance of the
load 1s selected to maintain a resonance of a primary side
of the power transierring unait.

2. The circuit according to claim 1, wherein the power
supply 1s one of AC voltage source, AC current source, DC
voltage source, and DC current source.

3. The circuit according to claim 1, wherein the power
amplifier includes:

a primary inductor of the transformer; and

a capacitor connected to the primary inductor 1in serial or 1n

parallel, wherein the amplified resonant power 1s stored
in the primary inductor.

4. The circuit according to claim 1, wherein reflective
impedance at the primary side of the transformer has a rela-
tively small value such that the power amplifier can maintain
resonance, wherein reflective resistance (R, , ) of the retlective
impedance (7Z.,,) 1s less than equivalent inductive reactance
(XL, ) of the primary side of the transtormer transierring the
resonant power, and reflective reactance (X, ) 1s less than 0.5
of the equivalent inductive reactance (XL, ) of the primary
side of the transformer.

5. The circuit according to claim 1, wherein the circuit
amplifies power by using parallel resonance, and transfers the
amplified resonant power to the load, such that power con-
sumption of the load can be reduced.

6. The circuit of claim 1, wherein the power transferring
unit has a coupling coellicient substantially equal to 1.
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7. The circuit of claim 1, wherein a voltage under serial
resonance at a secondary side of the power transierring unit

equals

1 K*V /n =k*Q*V /m =(Q/n)*k*V, where

(Q denotes a quality factor of the circuit, n denotes a turns ratio
of the power transferring unit, k denotes a coupling coefli-
cient, V, denotes a source voltage, and V, denotes a voltage

across an inductor 1n serial resonance.

8. The circuit of claam 1, wherein a smaller reflective
impedance increases the amplified resonant power.

9. The circuit of claim 1, wherein the power supply 1s
configured as a trigger to maintain a resonance.

10. The circuit of claim 1, wherein an increase 1n a load
resistance decreases a retlective resistance and a reflective
impedance but increases a quality factor of an inductor of a
primary side of the power transferring unit.

11. The circuit of claim 1, wherein a power consumed by
the load 1s determined by a voltage of a primary side of the
power transferring umit and a current o the primary side of the
power transierring unit.

12. A circuit comprising:

a power supply for supplying one of a voltage or a current
wherein the power supply 1s configured as a trigger to
maintain a resonance;

a power amplifier connected to the power supply, the power
amplifier configured to generate an amplified resonant
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power using the one of the voltage and the current,
wherein the amplified resonant power 1s associated with

the resonance; and

a power transferring unit connected to the power amplifier,
the power transferring umt configured to transier the
amplified resonant power to a load wherein the power
transierring unit has a coupling coetficient substantially
equal to 1 and an increase 1n a resistance of the load
decreases a reflective resistance and a reflective imped-
ance but increases a quality factor of an inductor of a
primary side of the power transferring unait.

13. A circuit comprising:

a power supply for supplying one of a voltage or a current;

a power amplifier connected to the power supply, the power
amplifier configured to generate an amplified resonant
power using the one of the voltage and the current; and

a power transferring unit connected to the power amplifier,
the power transferring umt configured to transier the
amplified resonant power to a load wherein a voltage
under serial resonance at a secondary side of the power
transierring unit equals

K* Vi =k*Q*V /m =(Q/m)*k*V, where

(Q denotes a quality factor of the circuit, n denotes a turns
ratio of the power transierring unit, k denotes a coupling
coeflicient, V denotes a source voltage, and V, denotes
a voltage across an imnductor in serial resonance.
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